Abstract. In many applied sciences, the theory of subgroup plays an extremely important role, such as quantum mechanics, molecular and atomic theory, etc. and in applied science derived from these sciences, the theory of subgroup has many applications, it often acts as important research tools. In this article, we will introduce some concepts about subgroup and some basic properties, from these concept and properties, some skills are considered when the tool can be applied.
Introduction
Group theory, on the one hand, is an important content in mathematics, on the other hand, its application in many scientific plays an extremely important role [1] [2] [3] [4] [5] [6] . In engineering, management science, physics, physics for engineering, and their derived many subject and science, it is an essential research tools [7] [8] [9] . It widely applied in more and more disciplines [10] [11] [12] [13] . In this paper, we will introduce some concepts about subgroup of group theory and some basic properties, such as subgroup, cyclic subgroup, subgroup generated, homomorphism and so on [14] [15] [16] . These concept and properties is the basic content of group theory, as well as the tools of various natural science researches. We will put these properties in the form of written proposition in the following. 
Definition of Subgroup and Basic Properties
Definition. A nonempty subset S of a group G is a subgroup of G if s G ∈ implies 1 s G − ∈ and , s t G ∈ imply st G ∈ . If X is a subset of a group G, we write X G ⊆ , if X is a subgroup of G, we write X G ≤ . Proposition l. If S G ≤ (i.e., if S is a subgroup of G),
Definition of Cyclic Subgroup and Basic Properties
Definition. If G is a group and a G ∈ , then the cyclic subgroup generated by a, denoted by <a>, is the set of all the powers of a. A group G is called cyclic if there is a G ∈ with G=<a>; that is, G consists of all the powers of a.
It is plain that <a> is, indeed, a subgroup of G. Notation. We usually write ker f instead of kernel f and im f instead of image f. We have been using multiplicative notation, but it is worth writing the definition of subgroup in additive notation as well. If G is an additive group, then a nonempty subset S of G is a subgroup of G if s S ∈ implies -s S ∈ and , s t S ∈ imply s t S + ∈ . Proposition 2 says that S is a subgroup if and only if 0 S ∈ and , s t S ∈ imply s t S − ∈ . Proposition 5. The intersection of any family of subgroups of a group G is again a subgroup of G.
Proof. Let { | } i S i I ∈ be a family of subgroups of G. Now 1 i S ∈ for every i, and so If X is a subset of a group G, then there is a smallest subgroups H of G containing X; that is, if X S ⊂ . and S G ≤ , then H S ≤ . Proof. There are subgroups of G containing X; for example, G itself contains X; define H as the intersection of all the subgroups of G which contain X. Note that H is a subgroup, by Proposition 5, and X H ⊂ . If S G ≤ and X S ⊂ , then S is one of the subgroups of G being intersected to form H; hence, H S ≤ and so H is the smallest such subgroup. Definition. If X is a subset of a group G, then the smallest subgroup of G containing X, denoted by X < > , is called the subgroup generated by X. One also says that X generates X < > .
In particular, if H and K are subgroups of G, then the subgroup
If X consists of a single element a, then, X a < >=< > , the cyclic subgroup generated by a. If X is a finite set, say, 1 2 { , , , } n X a a a < >= then we write 1 2 , , , n X a a a < >=< > instead of 1 2 { , , , } n X a a a < >=< > . Definition. If X is a nonempty subset of a group G, then a word on X is an element w G ∈ of the form where i x X ∈ , 1 i e = ± , and 1 n ≥ . Proposition 7. Let X be a subset of a group G. If X = Φ , then 1 X < >= ; if X is nonempty, then X < > is the set of all the words on X. Proof: If X = Φ , then the subgroup l={l} contains X, and so 1 X < >= . If X is nonempty, let W denote the set of all the words on X. It is easy to see that W is a subgroup of G containing X:
∈ ; the inverse of a word is a word; the product of two words is a word. Since X < > is the smallest subgroup containing X, we have X W < >⊂ . The reverse inclusion also holds, for every subgroup H containing X must contain every word on X. Therefore, W H ≤ , and W is the smallest subgroup containing X.
Conclusions
In the above, it obtained showed that subgroup; cyclic subgroup; subgroup generated; homomorphism, and so on. Is introduced and proved that the seven properties. They all are concept and basics properties of group theory in the extremely important. They in practical application all are very important tools.
